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Letter to the Editor 
Genetic Variability of Human Respiratory Coronavirus OC43 


A recent paper by J. R. St-Jean and colleagues reported the 
complete genome sequences of the human coronavirus OC43 
(HCoV-OC43) laboratory strain from the American Type Cul- 
ture Collection (ATCC) and an HCoV-OC43 clinical isolate, 
designated Paris (7). The ATCC HCoV-OC43 (VR759) strain 
originated in 1967 and was passaged several times in suckling 
mouse brain and in cell culture. The contemporary HCoV- 
OC43 Paris strain was isolated in 2001 and was subsequently 
cultured in an HRT-18 cell line by the authors. A high degree 
of genetic stability was stated for HCoV-OC43 since only six 
nucleotide variations in the whole genome could be observed 
between both HCoV-OC43 strains, with isolation dates 34 
years apart. There are, however, some arguments to suggest 
that the HCoV-OC43 genome is not as stable as suggested by 
the authors and that the HCoV-OC43 Paris strain might not be 
a contemporary strain but might be a result of cross-contami- 
nation with the ATCC HCoV-OC43 strain. 

A first argument is based on the reported evolutionary rates 
of RNA viruses in general and coronaviruses in particular. An 
evolutionary rate of 4.0 x 10~* nucleotide substitutions per 
site per year was estimated for severe acute respiratory syn- 
drome (SARS) coronavirus by using ORFlab sequence data 
(5), and an evolutionary rate of 7.5 X 10~* nucleotide substi- 
tutions per site per year was estimated for porcine transmissi- 
ble gastroenteritis virus by using S gene sequence data (6). 
Most RNA viruses have been reported to have evolutionary 
rates in the range of 10 * to 10 ° substitutions per site per 
year, although slightly slower mutation rates have also been 
described (1, 2). Here, we estimated the evolutionary rate for 
the complete genome sequence data of HCoV-OC43 (one 
strain; GenBank accession number NC_005147 [isolated in 
1967]) and BCoV (four strains; GenBank accession numbers 
U00735 and AF220295 [isolated in 1972] and NC_003045 and 
AF391542 [isolated in 1998]) using a maximum likelihood 
(ML) approach. A ML phylogenetic tree for the complete 
genomes was reconstructed with PAUP version 4.10 (8), and 
the rate of nucleotide substitution was estimated by using 
Rhino software version 1.2 (http://evolve.zoo.ox.ac.uk/), which 
implements a molecular clock model accommodating serially 
sampled sequences (4). This approach resulted in an estimate 
of 1.54 X 10~* nucleotide substitutions per site per year (95% 
confidence interval, 0.97 x 10~* to 2.12 x 10~“*) (4), which is 
30-fold higher then the mutation rate (5.7 X 10~° nucleotide 
substitutions per site per year) corresponding to the data pre- 
sented by St-Jean et al. The maximum likelihood evolutionary 
rate was used to assess the probability that the contemporary 
HCoV-OC43 strain described by St-Jean and colleagues was 
effectively sampled in 2001. Assuming that nucleotide substi- 
tutions follow a Poisson process (3), the probability of observ- 
ing only six mutations (n = 6) between two isolates sampled 34 
years apart (t = 34) can be calculated by using the following 
model: 
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where ) denotes the evolutionary rate in nucleotide substitu- 
tions per year. 
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For the maximum likelihood estimate of the evolutionary 
rate, the expected number of mutations after 34 years of evo- 
lution is 163. The probability of observing only six mutations 
after 34 years of evolution is 4.98 x 10°! (the probability of 
observing six or fewer mutations is 5.17 X 107°). Even for the 
lower 95% confidence interval limit of the evolutionary rate, 
the probability of observing only six mutations or fewer during 
this time is extremely low (P = 4.92 x 10~*°) and therefore we 
believe that it seems unlikely that the Paris HCoV-OC43 strain 
is truly a circulating strain from 2001. It should be noted that 
this approach is conservative since it ignores any shared an- 
cestry of the two viral strains. 

Furthermore, in a paper by Vabret and colleagues from the 
same laboratories as St-Jean et al. describing an HCoV-OC43 
outbreak in Normandy, France, in 2001, M gene sequence data 
analysis revealed an estimated genetic distance of up to ap- 
proximately 32 nucleotide changes per 1,000 nucleotides be- 
tween some of the clinical isolates (9). For the whole M gene, 
this observation would apply to up to approximately 22 nucle- 
otide variations between some of the 2001 isolates, whereas 
St-Jean and coworkers found only one nucleotide change in 
the M gene between two HCoV-OC43 strains isolated 34 years 
apart. Also, St-Jean and colleagues found only one variation in 
the S gene, the most variable coronavirus gene. Comparison of 
this observation to the data of the Normandy outbreak would 
imply that the S gene of two HCoV-OC43 strains isolated 34 
years apart is more conserved than the M gene of several 
clinical HCoV-OC43 isolates, all from the same year (2001), 
which seems improbable. 

In conclusion, we believe that the findings of St-Jean et al. 
regarding the genetic stability of human coronavirus OC43 are 
unlikely. We doubt that the HCoV-OC43 contemporary strain 
presented by the authors is a circulating strain from 2001, 
which is supported by an extremely low probability value. We 
propose that this might be due to contamination with the 
HCoV-OC43 ATCC strain of the cell line used to propagate 
the clinical isolate. 
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Authors’ Reply 


In their comment regarding our recently published paper 
(11), Vijgen et al. present different arguments to underline 
their hypothesis that the genetic stability of the human coro- 
navirus HCoV-OC43 that we report should be seen as an 
highly improbable event. 

According to Vijgen et al., statistical analysis based on RNA 
virus evolution models reveals that the mutation rate per site 
per year for HCoV-OC43 should be between 0.97 x 10~* and 
2.12 x 10~* (95% confidence interval), with a maximum like- 
lihood of 1.54 x 10+. 

Based on their arguments, the six-nucleotide difference we 
found between the HCoV-OC43 ATCC strain and the HCoV- 
OC43 Paris isolate obtained in March 2001 (11) represents a 
mutation rate of 5.7 X 10~°, which is 30-fold lower than ex- 
pected from theoretical statistical calculations. Furthermore, 
using the Poisson process model, Vijgen et al. calculated that 
the probability of this result (only six nucleotide differences 
between the genome of the HCoV-ATCC strain and the Paris 
isolate) is only 1.9 x 10~1° (4.92 x 10~*° for six nucleotides or 
fewer). 

The statistical arguments presented by Vijgen et al. appear 
very interesting and convincing in terms of statistical analysis 
based on some previously reported evolutionary rates of RNA 
viruses. Furthermore, as the authors of the paper comparing 
these two HCoV-OC43 variants (11), we do indeed acknowl- 
edge that our published data of apparent genetic stability is 
surprising. However, we are putting forward herein some hy- 
potheses that may contribute to explain the similarity of the 
genome of the two HCoV-OC43 variants described in our 
paper (11), which may explain the apparent genetic stability of 
HCoV-OC43. 

Before the sequencing of its genome, the HCoV-OC43 Paris 
isolate was passaged on the HRT-18 cell line six times. The 
human coronavirus contained in the original clinical isolate, 
which comes from the upper respiratory tract of a 68-year-old 
immunocompromised male who was not related whatsoever to 
laboratory work and was not in contact with any laboratory 
workers who had manipulated the HCoV-OC43 ATCC virus 
(citation from the Materials and Methods section of our pa- 
per), consisted, as a typical RNA virus, of a complex mixture of 
variants, or quasispecies (2, 3, 6). As reported by Elena (3), 
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some sort of evolutionary constraint may exist for adaptation in 
a particular environment. According to this assumption, by 
having been cultured within the HRT-18 cell line for six pas- 
sages, the HCoV-OC43 Paris strain may have been subject to 
this type of constraint, which would have highly favored its 
replication in the HRT-18 cells. In other words, the six pas- 
sages on the HRT-18 cells would have selected a particular 
variant (with only a six-nucleotide difference from HCoV- 
OC43 ATCC) that was present in the quasispecies mixture in 
the clinical isolate. Furthermore, we can now add the supple- 
mental data that the Paris variant was the only one among 
several clinical isolates that was able to replicate in HRT-18 
cells, meaning that this particular isolate could have already 
been very similar to HCoV-OC43 ATCC at the onset of the 
viral isolation procedure (A. Vabret and F. Freymuth, unpub- 
lished results). 

As already described in our paper (11), highly stringent 
laboratory precautions were used in order to eliminate a pos- 
sible cross-contamination between the two viruses (citation 
from the Materials and Methods section of our paper: “The 
HCoV-OC43 ATCC strain and the Paris isolate were never 
cultured at the same time, and stringent laboratory precautions 
were used in order to eliminate possible cross-contamina- 
tion.”). We are still highly confident that all of the manipula- 
tions that served to either isolate or amplify the HCoV-OC43- 
Paris variant were performed properly, as we were always 
acutely aware of the potential problems of cross-contamina- 
tion. 

As Vijgen et al. are suggesting a possible contamination of 
the HRT-18 cell line used to propagate the HCoV-OC43- 
ATCC variant, we have performed RT-PCR assays on the 
HRT-18 cells that were used to replicate the HCoV-OC43 and 
were not able to detect any HCoV-OC43 RNA even after 
molecular hybridization using a probe specific for the M gene 
of the virus (Vabret and Freymuth, unpublished). A preexist- 
ing undetected infection of the HRT-18 cell line used to prop- 
agate HCoV-OC43 therefore appears highly unlikely. 

The point mutation located in the M gene of the HCoV- 
OC43 Paris variant (T432C) is quite interesting. Indeed, while 
it is absent in the M gene of the HCoV-OC43 ATCC variant, 
this precise mutation is found in all 20 samples of HCoV-OC43 
that were isolated during the Normandy outbreak of 2001 (13) 
and directly sequenced by Vabret et al. without any passage on 
any cell line (Vabret and Freymuth, unpublished). Further- 
more, the T432C mutation is found neither in the first reported 
sequence of the M gene, which was reported by our laboratory 
(8), nor in the complete genome sequences of the HCoV- 
OC43 so far available (11; Vijgen et al., GenBank accession no. 
NC_005147). Therefore, this mutation appears to be a marker 
for the clinical isolates from the outbreak of HCoV-OC43 in 
Normandy during winter 2001 (13) and is not found in HCoV- 
OC43 ATCC. 

As reported by Vijgen et al., the evolutionary rates of RNA 
viruses in general (6), and of coronaviruses in particular (10), 
are usually higher than the results presented in our paper (11). 
However, some recent publications reported a higher-than- 
expected genetic stability for RNA viruses. For example, it has 
been reported that the usually highly variable regions of the 
VP proteins of hepatitis A virus (4) and the highly variable env 
gene of feline immunodeficiency virus (FIV) (7) are shown 
experimentally to be more genetically stable than predicted 
statistically. Indeed, even though the latter is a retrovirus that 
could establish a latent infection, its mutation rate is usually 
comparable to that of human immunodeficiency virus type 1, at 
about 0.34% per site per year (5). However, Ikeda et al. (7) 
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showed that FIV could remain very stable despite a 10-year 
infection in cats, as the mutation rate within the env gene was 
only 0.015% per year (7). This result represents an unexpected 
genetic stability, as the rate of 0.015% is about 23-fold lower 
than what was previously reported (5). This finding is in the 
same order of magnitude as the 30-fold less-than-expected 
variability calculated by Vijgen et al. on the basis of our pub- 
lished experimental data (11). Moreover, even though the 
SARS-HCoV was pointed out by Vijgen et al. as an example to 
illustrate the extreme genetic variability of coronaviruses (9), 
another very interesting paper on SARS-HCovV indicates in- 
stead that this virus shows a relative genetic stability, with only 
2 mutations in the S gene and 1 mutation in the N gene found 
in 10 different clinical isolates over a 3-month period (12). 
Finally, another recent study on a coronavirus, the feline coro- 
navirus, also indicated that this virus could be more genetically 
stable than theoretically expected. Indeed, the sequencing of a 
small portion of the S gene from samples isolated from five 
persistently infected cats revealed low rates of mutations, rang- 
ing from none over a period of 17 months for one cat to only 
nine nucleotide changes over a 5-year period for another ani- 
mal (1). 

In conclusion, given the above comments and supportive 
arguments from the published literature, and even though they 
are, as underlined by the comment of Vijgen et al., unexpected, 
we do stand by our results concerning the apparent genetic 
stability of the HCoV-OC43 virus. 
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